The skin forms an effective barrier between the human body and outside environment and protects the body from dehydration and environmental insults (1) . Disruption of this barrier function is responsible for many skin disorders, such as psoriasis and atopic dermatitis (2, 3) . The barrier properties of epithelia are largely dependent on the function and integrity of the tight junctions between keratinocytes (occludins, claudins and junctional adhesion molecules (JAM)) (4), which seal the intercellular space between neighbouring cells and control the pathway of molecules (5) . Deregulation of these junction proteins perturbs this barrier (1) . For example, deficiency of claudin-1 results in epidermal water loss and, ultimately, the neonatal death of mice (6) .
Tie2 is a protein-tyrosine kinase receptor expressed by endothelial and epithelial cells. The major ligands for Tie2 are angiopoietin (Ang)1 and Ang2 which bind with similar affinity (7, 8) . While Ang1 is an agonist, Ang2 is generally considered as an antagonist but may act as an agonist depending on the cell type and microenvironment (8) . The binding of Ang1 to Tie2 results in rapid receptor autophosphorylation, which in turn mediates endothelial cell survival, cell migration, angiogenesis, and barrier function (8) (9) (10) . Recent studies show that Tie2 acts not only as a receptor for the Angs but also as a junction protein to maintain the vascular integrity of mature vessels by enhancing endothelial barrier function and inhibiting apoptosis of endothelial cells (8) (9) (10) (11) .
Activated protein C (APC) is derived from its precursor protein C and functions as a physiological anticoagulant with cytoprotective, anti-inflammatory and antiapoptotic properties (12, 13) . APC stimulates cell growth and migration of cultured human skin keratinocytes (14) and protects keratinocytes from apoptosis. These cytoprotective properties of APC are mediated through endothelial protein C receptor (EPCR), protease activated receptor (PAR)-1 or epidermal growth factor receptor (EGFR) (15, 16) . Recent studies show that APC enhances the integrity of blood vessels through PAR-1, to stabilize the cytoskeleton and reduce endothelial permeability partly via activation of the endothelial receptor, Tie2 (17) (18) (19) (20) . Here, using human skin keratinocytes, we elucidated the signalling pathway to explain how APC exerts a protective effect on the skin barrier.
EXPERIMENTAL PROCEDURES
Keratinocyte culture and reagentsNormal keratinocytes were isolated from neonatal foreskins as described previously (14) . Adult skin keratinocytes were kindly provided by Dr Zhe Li (Skin Laboratory, Concord Hospital, Sydney, Australia). Extracted cells were cultured in keratinocyteserum free medium (K-SFM, Invitrogen) supplemented with 50 µg/ml bovine Pituitary extract (BPE) and 5 ng/ml epidermal growth factor (EGF Assessment of barrier function and cell migration by electric cell substrate impedance sensing (ECIS) -The changes in transepithelial electrical resistance were monitored in real-time using an ECIS Model 1600R instrument (Applied BioPhysics) with 8W10E+ ECIS arrays and results expressed as impedance. Briefly, cells are grown on the surface of small and planar gold-film electrodes, which are deposited on the bottom of each well. The sensing area within a single well of the 8W10E+ ECIS arrays consists of 10 active working electrodes in parallel, that are distributed over the bottom of the well, and a counter electrode with considerably larger surface area. A noninvasive alternating current (< 1 μA) is applied to the electrodes which are electrically connected via the electrolytes of the cell culture medium above the cells. The ECIS device reads the associated voltage drop across the system (in-phase with the current) and determines the electrical resistance of the cell-covered electrodes. In this study, keratinocytes were grown on 8W10E+ ECIS arrays (an 8 well chamber slide device) until stable resistances of ≥1500 Ω at 15 kHz were reached. To prevent proliferation cells were pretreated with mitomycin C (10 μg/ml, Sigma), which was applied to the cells 2 hr before treatment. After switching to fresh medium, cells were balanced in the ECIS equipment until a stable impedance was reached. The controls used during experiments were:
heatinactivated APC (for APC treatment), nonblocking antibody RCR92 (for EPCR blocking antibody) or medium containing the same low amount of dimethyl sulfoxide used for solubilising the inhibitors (for PAR1, Tie2, EGFR, ERK and Akt inhibitors). After adding test agents, the average impedance over 24 hr was measured. The effect of treatment of stable keratinocytes monolayers was analyzed by comparing the average normalized impedance before treatment, to that after treatment.
Measurement of flux of FITC-dextranCells were cultured till confluence on culture inserts (0.4-μm pore size) then treated for 24 hr. The flux was measured as described previously (21) . In brief, culture medium was replaced with P buffer (10 mM Hepes, pH 7.4, 1 mM sodium pyruvate, 10 mM glucose, 3 mM CaCl 2 , 145 mM NaCl), and 1 mg/ml FITC-dextran (4 kDa: Sigma) was added to the upper wells. At 0, 30, 60 and 120 min after the addition of FITC-dextran into the outer chambers, the media from the lower wells were collected, and the flux of FITC-dextran in the media was measured at wavelengths of excitation 485 and emission 520 nm. The flux of FITC-dextran represents the permeability of the keratinocyte monolayer.
Statistical analysis -Significance was determined using one-way ANOVA and Student-Newman-Keuls test. P values less than 0.05 were considered statistically significant.
RESULTS

APC's enhancement of keratinocyte barrier integrity is mediated by Tie2
We have previously shown that APC acts via Tie2 to enhance endothelial barrier function (20) . Tie2 is recognised as an endothelial receptor so initially we examined whether Tie2 or P-Tie2 was expressed in normal human epidermal keratinocytes. Using immunofluorescent staining, Tie2 and P-Tie2 were distributed in both the cytoplasm and nucleus of keratinocytes in both neonatal foreskin keratinocytes and adult skin keratinocytes. However, adult skin keratinocytes showed less intensive staining for Tie-2 and P-Tie2 when compared to neonatal foreskin keratinocytes (Fig.1A) . Foreskin epidermis showed faint staining of Tie2 but strong staining for P-Tie2, which was mainly located in the uppermost layers of the epidermis (Fig.1A) . Similarly, P-Tie2 was expressed by normal adult skin epidermis, although the staining intensity was considerably lower than foreskin (Fig.1A) .
Next, the impedance of cell monolayers treated with APC (0.1, 1and 10 µg/ml) was monitored in real-time by ECIS, to determine whether APC can enhance epidermal barrier function. APC dose-dependently increased the impedance at 24 hr (Fig. 1B) , peaking at 1 µg/ml. Interestingly, APC had no effect when used at 10 µg/ml. PC, the inactive precursor of APC, displayed only a partial protective effect on the keratinocyte barrier when used at 1 µg/ml (Fig.1D) . To validate the impedance data detected by ECIS, we measured the flux of FITC-dextran permeating from the apical to the basal side of keratinocyte monolayers following APC treatment for 24 hr. There was a significant decrease in the paracellular permeability of keratinocyte monolayers incubated with APC at 0.1 and 1 µg/ml (Fig.1C) , but not at 10 µg/ml, confirming the ECIS results.
To determine whether Tie2 contributes to keratinocyte barrier function, cell monolayers were treated with Tie2 kinase inhibitor (1, 2 and 4 µM) and the impedance was measured by ECIS. Tie2 inhibitor at 4, but not at 1 and 2 µM, markedly reduced the basal impedance (Fig. 1 D) . However, at 4 µM, Tie2 inhibitor also induced cell detachment (data not shown), hence the 2 µM was selected for further experiments. Pre-treatment of cell monolayers with 2 µM Tie2 inhibitor totally eliminated APC's effect on monolayer impedance (Fig. 1D) . To further establish whether APC functions through Tie2, keratinocytes were transfected with Tie2 siRNA or treated with a Tie2 inhibitor. Tie2 siRNA was more than 80% efficacious in suppressing gene expression 48 hr post transfect ion, as detected by RTreal time PCR (supplemental Fig. 1A ). Suppressing Tie2 either by its siRNA or synthetic inhibitor suppressed both control and APC-stimulated keratinocyte proliferation at 72 hr ( Fig. 2A) . In addition, inhibition of Tie2 increased the level of both control and APC-treated cell apoptosis (Fig.2B) , as detected by TUNNEL assay, which measures the DNA strand breaks that occurs in the specialised form of keratinocyte apoptosis (22) . These results show that Tie2 mediates the barrier protective, proliferative and anti-apoptotic effects of APC on keratinocytes. Interestingly, Tie2 is also involved in these responses in the absence of exogenous APC, suggesting an important role of endogenous Tie2 activation in protecting keratinocytes.
Junction proteins are important components of the epidermal barrier. Western blot analysis showed that APC treatment rapidly enhanced the expression of ZO-1, VE-cadherin and claudin-1, three important proteins that maintain the epidermal barrier (Fig. 2C) . APC not only stimulated ZO-1 but also relocated it to points of cell-cell contact which formed distinct staining around the cell periphery (Fig. 2D) . Suppression of Tie2 or PAR-1 by siRNA (supplemental Fig. 1A for siRNA efficacy) or inhibitors reduced ZO-1 expression (Fig. 2E ) and disrupted ZO-1 staining around the cell borders (Fig. 2D ). APC's selectivity for these junctional proteins was shown by the finding that it did not affect JAM-A or occludin (Fig. 2C) .
APC induces Tie2 translocation to cellcell contacts via EPCR, PAR-1 and EGFR
Human keratinocyte monolayers incubated with basal medium for 3 days were used to analyse Tie2 in conditions that resemble the quiescent epidermis. After stimulation with APC (1 µg/ml) for 60 min, Tie2 accumulated at the cell-cell contacts and partially co-located with ZO-1 (Fig. 3A) .
When keratinocytes were pre-treated with the EPCR blocking antibody, RCR252 (5 µg/ml), PAR-1 inhibitor (1 µM) or EGFR inhibitor (2.0 µM), the re-localization of Tie2 to cell-cell contacts in response to APC was abolished. RCR252, PAR-1 inhibitor and, to a lesser extent, EGFR inhibitor, had a similar effect on ZO-1 localization when each was used individually (Fig. 3A) . These data indicate that APC induces relocation of Tie2 and ZO-1 to cell-cell contacts via EPCR, PAR-1 and EGFR. In response to APC, much of the Tie2 on the cell periphery was in its activated form (P-Tie2) (Fig. 3B) . Western blot analysis of keratinocyte lysates showed that APC activated Tie2 within 30 minutes, to a level ~4 times higher than the control (Fig. 3C ). This activation reached a peak after 1 hr and remained elevated by two-fold at 24 hr. No stimulation of total Tie2 by APC was found within 24 hr (Fig.  3C ). In addition, there was no difference observed in control within 24 hr (supplemental Fig. 1B) .
To further confirm the action of APC on relocalization of ZO-1, P-Tie2 and Tie2, cell membrane fractions were extracted and subjected to western blotting. Results showed that there was considerably more ZO-1, P-Tie2 and Tie2 in the membrane fractions in response to APC treatment (Fig.3D) . Blocking either EPCR, PAR-1 or EGFR abolished the effect of APC (Fig.3D) .
EGFR, not Ang1, is responsible for APC's effect on early Tie2 activation
Ang1 and Ang2 are the two major ligands for Tie2 and we have previously shown that APC acts through Ang1 to activate Tie2 in endothelial cells (20) . In order to determine whether a similar mechanism occurred in keratinocytes, cell monolayers were treated with APC over a period of 0, 30 min, 45 min, 60 min and 24 hr and culture supernatants and lysates were assayed for Ang1 and Ang2 protein levels.
There was no detectable Ang2 in keratinocyte culture supernatants or cell lysates at any timepoint (data not shown). Ang1 was increased in culture supernatants after 24 hr, but was not affected by APC treatment for up to 60 min (Fig. 4A) . Thus, the rapid APC-induced activation of Tie2 within 1 hr is likely to occur via a process independent of Ang1.
To explore the mechanism of Tie2 activation, we examined EGFR which we have previously shown to be involved in APC's stimulation of keratinocyte survival and proliferation (16) . Keratinocyte EGFR was activated rapidly by APC in a similar pattern to P-Tie2 (Fig. 4B) . Next, confluent keratinocytes were pre-treated with either Tie2 or EGFR inhibitor and the activation of each receptor was examined by western blot in response to APC treatment (Fig. 4C) . Results showed that blocking Tie2 did not affect EGFR activation, however, blocking EGFR almost completely suppressed Tie2 activation by APC (Fig. 4C) , indicating that APC regulates Tie2 activation via EGFR. Furthermore, inhibition of EGFR abolished the induction of electrical impedance induced by APC (Fig. 4D) . Inhibition of EPCR or PAR-1 had a similar effect (Fig.  4D) . However, the impedances of cell monolayers treated with inhibitors without APC at indicated concentrations did not show any differences when compared to control (supplemental Fig. 1C) 
APC activation of Tie2 signals through Akt in keratinocyte monolayers
Activation of Akt promotes cell survival, whilst ERK activation leads to proliferation and migration (23, 24) . Both these signalling pathways have been implicated in the downstream signalling of Tie2 activation in endothelial cells (9) . In confluent keratinocytes, APC stimulated the activation of Akt after 30 minutes and peaked at 45 minutes (Fig. 5A) . Opposing its effect on Akt, APC suppressed the activation of ERK (Fig. 5A) , down to approximately 50% of control after 45 minutes. APC dosedependently suppressed the activation of ERK, with P-ERK being reduced by ~80% following 10 µg/ml APC treatment (Fig. 5A) . In contrast, APC dose-responsively stimulated P-Akt following 1 hr treatment, showing a ~2-fold increase when used at 1 µg/ml (Fig. 5A) . Inhibition of Akt, but not ERK, abolished the APC-induced increase in impedance (Fig. 5B) .
Using immunohistochemical staining of neonatal epidermis, we found that both Akt and P-Akt were largely associated with nuclei of upper layers of the epidermis, with notable absence of P-Akt in the single basal proliferating layer of epidermis (Fig. 5C ). In contrast, P-ERK was mainly localized in the basal layer and an upper layer of epidermis (Fig. 5C ).
DISCUSSION
We demonstrate that APC enhances the barrier function of cultured human keratinocyte monolayers via regulation of Tie2 and subsequent activation of Akt. These functions of APC are achieved through the coordination of three receptors EPCR, PAR-1 and EGFR (Fig. 6) . EPCR, PAR-1 and EGFR are expressed and co-localized in basal and suprabasal keratinocytes in human skin epidermis (15, 25, 26) . EPCR does not signal, but acts by spatially locating APC to cleave the G-coupled protein receptor (GPCR), PAR-1. EGFR, a member of the ErbB family of receptor tyrosine kinases, is vital for the development of the epidermis and its appendages (27) . In normal epidermis, EGFR contributes to keratinocyte growth, migration and suppression of terminal differentiation (27, 28) . Activation of EGFR occurs when specific tyrosine residues in its C-terminal cytoplasmic domain are phosphorylated. Accumulating evidence shows that EGFR not only mediates responses to EGF-like ligands, but is also a major transducer of diverse signaling systems and a switch point for cellular communication networks (27, 29) .
APC acts via EPCR and EGFR to inhibit migration of human peripheral blood lymphocytes (30) and to stimulate keratinocyte proliferation (16) . In the current study, we find that APC can rapidly activate EGFR within 30 minutes. There are a number of possible ligands, including EGF and TGF-α, that can phosphorylate EGFR (27) , however APC is likely to act via an alternative means such as transactivation of EGFR by utilizing PAR-1 in early stage. Signaling pathways linking PARs and EGFR have been revealed in various cell types. Thrombin activation of PAR-1 in cardiac fibroblasts leads to intracellular transactivation of EGFR, through rapid phosphorylation of phospholipase C, formation of inositol polyphosphate 3 and mobilization of intracellular calcium resulting in activation of Src and Fyn kinases, which associate with and activate EGFR tyrosine kinase (31) . An alternative pathway termed 'triple-membrane-passing signal' has been proposed in which a GPCR activates an ADAM (a disintegrin and metalloproteinase), which in turn, releases an EGFR ligand, such as EGF, to activate EGFR (32, 33) . Although the exact mechanism of APC's activation of EGFR needs further investigation, by acting together the three receptors, EPCR, PAR-1 and EGFR comprise a potentially powerful regulator of the biological functions of APC in keratinocytes.
Tie2 is a tyrosine kinase receptor expressed mainly by endothelial cells but has been found on other cell types, such as carcinoma cells, fibroblasts and mural cells (8) . The expression of Tie2 protein by nonmutant healthy human primary keratinocytes has been clearly identified for the first time in the current study. Activation of Tie2 by Ang1 on endothelial cells can improve blood vessel stability and, in the presence of VEGF, mediate angiogenesis (34) . Although APC can stimulate Ang1 in endothelial cells (20) and keratinocytes (Fig. 4A) , our data here show that APC activates Tie2 prior to Ang1 being released from the cells. Although the exact mechanism is unclear, it is feasible that EGFR tyrosine kinase autoactivates the Tie2 tyrosine kinase, in a similar manner to how EGFR itself is transactivated (33) .
The mitogen-activated protein kinase (MAPK) pathway is a prerequisite for growth factor stimulated mitogenesis in many cell types (35) . Three major downstream MAPK cascades are ERK1/2, p38 and c-Jun N-terminal kinases. Signaling through ERK primarily enhances keratinocyte proliferation (36) . Ang1/Tie2 signaling can increase phosphorylation of ERK1/2 through PI3K (37). APC acts through ERK1/2 to promote keratinocyte proliferation, however, in the current study, we show that APC inhibits P-ERK in cultured non-proliferating keratinocyte monolayers and does not act through ERK to stabilize the keratinocyte barrier. These results are in agreement with a recent study on endothelial cells, which shows that when cell-cell adhesions are disrupted, extracellular matrix-anchored Tie2 activates ERK, which preferably induces cell migration and proliferation (10) . However, in confluent endothelial cells, Tie2 accumulates at cell-cell contacts and preferentially activates Akt, resulting in cell survival (10). Akt represents the major angiogenic signalling pathway downstream of Ang1/Tie2 (38) . Ang1 activates PI3-kinase and subsequently induces phosphorylation of Akt, which plays essential roles in cell survival and chemotaxis, angiogenesis and barrier stability (8, 39, 40) . Akt has 3 isoforms; Akt1 (usually referred to as Akt), Akt2 and Akt3. Activity of Akt and Akt2 have been implicated in controlling differentiation of various tissues in mice including muscle, adipose tissue, bone, and skin (41) . Mice lacking both Akt and Akt2, display translucent skin with reduced hair follicles and reduced number of cells in each epidermal layer (41) . Knockdown of Akt in reconstituted human epidermis results in premature keratinocyte apoptosis and an abnormal epidermis in skin cultures (42) . Akt blocks apoptosis by phosphorylating and thereby inactivating the pro-apoptotic Bcl-2 family member BAD (43) . Targeted disruption of Akt causes increased cell death in differentiating keratinocytes (41) . The data presented here show that in confluent keratinocytes, P-Akt is i) expressed in all epidermal layers except the basal layer, ii) dose-dependently increased in response to APC and iii) required for APC-induced increase in monolayer impedance. These findings support AKT as a key signalling component in APC-induced keratinocyte barrier integrity.
Transgenic mice overexpressing Tie2 develop a psoriasis-like disease, which is characterised by breakdown of the epithelial barrier (44) . Interestingly, keratinocyte-but not endothelial cell-specific transgenic overexpression of Tie2 leads to the development of psoriasis (45) . In agreement with these laboratory results, Tie2, and its ligands, are highly expressed in involved human psoriatic skin compared to uninvolved skin (46, 47) . However, these studies (46, 47) did not examine whether Tie2 was activated in the psoriatic epidermis. In the current study, APC increased Tie2 activation and translocation to the cell periphery, but did not enhance the overall amount of Tie2 expressed by keratinocytes (Fig. 3C) . Together, these finding suggest that the downstream effects of Tie2 differ depending on its absolute amount and activity.
In summary, we report that human keratinocytes express the endothelial receptor, Tie2 and that APC promotes skin barrier protection via this receptor. In addition, we reveal a complex array and sequence of receptor activation of Tie2, involving EPCR, PAR-1 and EGFR (Fig. 6 ), the exact mechanism of which needs further investigation. Moreover, activation of Tie2 selectively promotes PI3K/Akt signalling to enhance junctional complexes and reduce keratinocyte permeability.
Abbreviations used:
ZO, zona occludens; JAM, junctional adhesion molecule; Ang, angiopoietin; APC, activated protein C; EPCR, endothelial protein C receptor; PAR, protease activated receptor; EGFR, epidermal growth factor receptor; ECIS, electric cell-substrate impedance sensing. Fig. 1 . Tie2 is expressed by keratinocytes and mediates APC's protective effect on barrier function. A) Tie2 and phosphrylated (P)-Tie2 expression by cultured human neonatal foreskin and adult skin keratinocytes, foreskin epidermis and adult skin epidermis as detected by immunofluorescent (Blue staining (DAPI), nucleus; red staining, P-Tie2; green staining, Tie2) and immunohistochemical staining. Rabbit IgG staining served as the negative control for keratinocytes (top) and foreskin epidermis (Bottom). Scale bar=50 µm. Pictures are representative of at least three different samples. B) The normalized impedance of keratinocyte monolayers treated with APC (0.1, 1, 10 µg/ml) over a period of 24 hr. C) Keratinocyte monolayers were treated with APC (0.1, 1, 10 µg/ml) for 24 hr and then FITC-dextran was added to upper wells of inserts and the flux of FITC-dextran in the media from lower wells was measured by fluorescence as described in experimental procedures. Data are expressed as mean±SD (n=3). D) The normalized impedance of keratinocyte monolayers treated with Tie2 inhibitor (T2 In 1, T2 In 2 and T2 In 4 representing 1, 2 and 4 µM), PC (1 µg/ml), APC (1 µg/ml) or APC plus Tie2 inhibitor (T2 In, 2 µM) over a period of 24 hr. The average normalized impedance of cell monolayers over 24 hr was compared. The graph is representative of three experiments. Fig. 2 . APC enhances cell proliferation, inhibits apoptosis and stimulates junctional proteins via Tie2 A) Keratinocytes were transfected with siRNA for 24 hr and then cells were trypsinized and equal numbers were seeded into 96-well plates. Cells were allowed to attach for another 24 hr. APC and Tie2 inhibitor (Tie2-In) were added at 48 hr post siRNA transfection. Cells proliferation was measured by MTT assay at 72 hr post transfection and is expressed as % of control (mean ± SD, n=3). B) SiRNA transfected keratinocytes were seeded onto slides and were treated with APC and Tie2 inhibitor (Tie2-In) at 48 hr post transfection for a further 24 hr. Apoptotic cells were detected by in situ cell death kit (TUNEL Assay) and are expressed as mean ± SEM, n=3. *P<0.05, **P<0.01 compared to control, # P<0.05, ## P<0.01, compared to APC (1 µg/ml). C) Keratinocyte monolayers were treated with APC for indicated time and junctional proteins were detected by western blotting. D) Immunofluorescent staining for ZO-1 in siRNAtransfected (for 48 hr) keratinocyte monolayers ± APC (1 µg/ml) for the last 4 hr. Scale bar=20 µm. E) Keratinocytes treated with Tie2 or PAR-1 siRNA (10 nM, 48 hr), Tie2 inhibitor or PAR-1 antagonist (2.0 µM and 1 µM, respectively, 24 hr) ± APC (1 µg/ml) for the last 24 hr. ZO-1 was detected by western blotting in cell lysates. The images in C), D) and E) represent one of three experiments.
FIGURE LEGENDS
Fig. 3. APC induces Tie2 activation and translocation to cell-cell contacts via EPCR, PAR-1 and EGFR
A) Keratinocyte monolayers were treated with APC (1 µg/ml) in the presence or absence of EPCR blocking antibody RCR252 (anti-EPCR, 5 µg/ml), PAR-1 antagonist (1 µM, PAR1-In), EGFR inhibitor (2.0 µM, EFGR-In) or all inhibitors (Combined) for 1 hr, then cells were fixed and Tie2 and ZO-1 were detected by immunofluorescent staining. B) P-Tie2 in keratinocytes in the presence or absence of APC (1 µg/ml) for 1 hr and detected by immunofluorescent staining. Scale bars=15 µm. C) P-Tie2 and Tie2 expression in cell monolayers in response to APC treatment for different time periods, detected by western blotting. D) ZO-1, P-Tie2 and Tie2 expression in cell membrane fraction in response to APC in the presence or absence of EPCR blocking antibody RCR252 (anti-EPCR, 5 µg/ml), PAR-1 antagonist (1 µM, PAR1-In), EGFR inhibitor (2.0 µM, EFGR-In). Fig. 4 . EGFR, not Ang1, is responsible for APC's rapid Tie2 activation. A, B) Keratinocyte monolayers were treated with or without APC (1 µg/ml) for indicated time periods. A) Ang1 protein was measured in supernatants and lysates by ELISA. B) EGFR and P-EGFR in whole cell lysates were detected by western blotting. C) Confluent keratinocytes were treated with APC ± Tie2 or EGFR inhibitors for 1 hr. P-Tie2 and P-EGFR in cell lysates were detected by western blotting. D) Keratinocyte monolayers were treated with or without APC (1 µg/ml) ± EPCR blocking antibody RCR252 (anti-EPCR, 5 µg/ml), PAR-1 antagonist (PAR1-In, 1 µm), EGFR inhibitor (EFGR-In, 2.0 µM) or all inhibitors together (COM-In). The normalized impedance of cell monolayers over 24 hr was measured. The graph is representative of three experiments. A) Keratinocyte monolayers were treated with APC at different concentrations or for indicated times. Cell lysates were collected for western blotting to detect P-ERK and P-Akt, total ERK and Akt. Images were semi-quantitated by image analysis software. Data on graph are shown as mean ± SEM (n=3). * P<0.05, ** P<0.01 when compared to control (0). B) Keratinocyte monolayers were treated with APC (1 µg/ml) ± kinase inhibitors for Akt (Akt-In, 1 μM) or ERK (ERK-In, 5 μM). The normalized impedance of cell monolayers over 24 hr was measured. The graph is representative of three experiments. C) Akt, P-Akt, ERK and P-ERK on foreskin epidermis were detected by immunostaining. Block arrows indicate positive staining. Scale bars= 50 μM. The images represent one of three experiments. by guest on November 15, 2017 
